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6WXG\RQLQIOXHQFHRIYLDGXFWDQGQRLVHEDUULHUVRQWKH
SDUWLFXODWHPDWWHUGLVSHUVLRQLQVWUHHWFDQ\RQVE\&)'
PRGHOLQJ
$EVWUDFW
7KLV SDSHU LQYHVWLJDWHV WKH LQIOXHQFH RI YLDGXFW QRLVH EDUULHU DQG WKH UDWLR RI OHHZDUG DQG
ZLQGZDUGEXLOGLQJKHLJKW ++RQ IORZUHJLPHDQGSDUWLFXODWHPDWWHUV 30GLVSHUVLRQ LQDQ
XUEDQ VWUHHW FDQ\RQ XVLQJ &RPSXWDWLRQDO )OXLG '\QDPLF &)' VLPXODWLRQ 5HVXOWV VKRZ WKDW
YLDGXFW LQWURGXFHVPRUH VRXUFHVRISDUWLFXODWH DQG LQIOXHQFHV WKH IORZSDWWHUQ VLJQLILFDQWO\1HZ
YRUWH[HV IRUP ZKHQ QRLVH EDUULHUV VHW XS DORQJ WKH YLDGXFW DQG LQIOXHQFH WKH IORZ DURXQG WKH
YLDGXFWDQGGLVWULEXWLRQRISROOXWDQWVDWWKHFHQWHURIWKHFDQ\RQEXWLQIOXHQFHWRDOHVVH[WHQWLQWKH
NH\EUHDWKLQJ]RQHV:KHQ WKHVWUHHWFDQ\RQ LV V\PPHWULFEDUULHUVFDQ UHGXFH WKHSHDNYDOXHRI
SROOXWDQWFRQFHQWUDWLRQDWEXLOGLQJVZDOODQGORZHUWKHLQWHJUDOFRQFHQWUDWLRQLQ]RQHVWKDWDIIHFW
SHRSOH
VEUHDWKLQJ:KHQWKHVWUHHWFDQ\RQLVDVWHSXSW\SHWKHOHHZDUGEXLOGLQJLVORZHUWKDQWKH
ZLQGZDUGRQHEDUULHUVDIIHFWWRDOHVVH[WHQWWKH30GLVWULEXWLRQVDWEXLOGLQJVZDOODQGEUHDWKLQJ
]RQHV ,QFUHDVH RI WKH KHLJKW RI ZLQGZDUG EXLOGLQJV KLQGHUV WKH GLIIXVLRQ RI SROOXWDQWV
)XUWKHUPRUHSHRSOHOLYLQJLQWKHZLQGZDUGEXLOGLQJRUZDONLQJRQWKHVWUHHWKDYHWRVXIIHUPRUH
IURPWKHSROOXWDQW:KHQWKHVWUHHWFDQ\RQLVDVWHSGRZQW\SHWKHOHHZDUGEXLOGLQJLVKLJKHUWKDQ
WKHZLQGZDUGRQH++ SROOXWDQWVVWLOOJDWKHUDWWKHOHHZDUGZDOO,WKDVWKHOHDVWLQWHJUDO
SROOXWDQWFRQFHQWUDWLRQLQWKH]RQHQHDUEXLOGLQJVDQGVWUHHW++ SROOXWDQWVDUHWUDQVSRUWHG
WRWKHZLQGZDUGZDOODQGDFFXPXODWHGEHFDXVHRIWKHXSSHUPDLQYRUWH[LQWKHFDQ\RQ3HGHVWULDQV

EUHDWKLQJ]RQHLVH[WUHPHO\KLJKFRPSDUHGZLWKRWKHUFRQILJXUDWLRQV
.H\ZRUGVb6WUHHWFDQ\RQ3DUWLFXODWHPDWWHU9LDGXFW1RLVHEDUULHU&)'VLPXODWLRQ
b,QWURGXFWLRQ
&KHQUXL+DRD;LDRPLQ;LHD[LH[LDRPLQ#VMWXHGXFQ<XH+XDQJE=KHQ+XDQJD
D.H\/DERUDWRU\IRU3RZHU0DFKLQHU\DQG(QJLQHHULQJRI02(6KDQJKDL-LDR7RQJ8QLYHUVLW\1R
'RQJFKXDQ5RDG6KDQJKDL35&KLQD
E,QVWLWXWHIRU7UDQVSRUW6WXGLHV8QLYHUVLW\RI/HHGV8QLYHUVLW\5RDG/HHGV/6-78.
&RUUHVSRQGLQJDXWKRU
:LWKWKHLQFUHDVHLQYHKLFOHRZQHUVKLSDQGH[SDQVLRQRIURDGQHWZRUNVLQUHFHQW\HDUVYHKLFOHHPLVVLRQKDV
EHFRPH RQH RI WKH PDLQ VRXUFHV RI 30 SDUWLFXODWH PDWWHU 30 ,W LV DOVR OLVWHG DV WKH SROOXWDQW PRVW
UHVSRQVLEOH IRU DLU TXDOLW\ GHWHULRUDWLRQ LQ DQ XUEDQ HQYLURQPHQW 6FXQJLR HW DO  HYHQ WKRXJK WKH
WKUHVKROGYDOXHVIRUOLJKWGXW\SDVVHQJHUDQGFRPPHUFLDOYHKLFOHVKDYHEHHQUHJXODWHGEDVHGRQWKHOHYHORI
30HPLVVLRQV&RPPLVVLRQ7KHUH LVD UHODWLRQVKLSEHWZHHQH[SRVXUH WR WKHVHSROOXWDQWVDQGJHWWLQJ
OXQJ FDQFHU DOWKRXJK ,$5& WKH ,QWHUQDWLRQDO $JHQF\ IRU 5HVHDUFK RQ &DQFHU DQG :+2 :RUOG +HDOWK
2UJDQL]DWLRQKDYHFODVVLILHGDLUERUQHSDUWLFOHVIURPRXWGRRUDLUSROOXWLRQDV*URXSFDUFLQRJHQV%HHOHQHW
DO D :KDW
V PRUH LW ZDV UHFRJQL]HG WKDW ORQJWHUP H[SRVXUH WR 30 FDQ DOVR OHDG WR FDUGLRYDVFXODU
GLVHDVH%HHOHQHWDOE:DQJHWDO
6RPH W\SHV RI XUEDQ VWUHHW OD\RXW DUH NQRZQ QRW JRRG IRU SROOXWDQW
V GLIIXVLRQ 2QH RI WKH W\SLFDO
FRQILJXUDWLRQVWKDWJDWKHUVSROOXWDQWVPRVWVLJQLILFDQWO\DQGGRHVKDUPWRKXPDQLVWKHVRFDOOHGVWUHHWFDQ\RQ
ZKLFKPHDQVDVWUHHWIODQNHGE\FRQWLQXRXVEXLOGLQJVRQWKHWZRVLGHV9RUWH[HVIRUPGXHWREXLOGLQJVVHDWHG
DWERWKVLGHV LQ WKLV W\SHRIVWUHHW OD\RXW$V WKHDVSHFWUDWLRV+:KHLJKWRIEXLOGLQJ+DQGZLGWKRI WKH
VWUHHW:RUWKHUDWLRRIWKHOHHZDUGEXLOGLQJDQGWKHZLQGZDUGEXLOGLQJ++LVWKHPRVWLQIOXHQWLDOIHDWXUH
RIWKHVWUHHWFDQ\RQUHVHDUFKHVVRIDUZHUHIRFXVHGRQWKHLULQIOXHQFHV/LHWDO2NH;LDRPLQHW
DO%HVLGHV WKH WZR UDWLRVRWKHUFRQILJXUDWLRQVRI WKHEXLOGLQJVFDQDOVRDIIHFW WKHZLQG UHJLPHDQG
SROOXWLRQGLVSHUVLRQ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/ODJXQR0XQLW[DHWDO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1J
DQG&KDX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GLVSHUVLRQ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6LQLHWDO7DQHWDO;LHHWDO
6LPXODWLRQRIGLVSHUVLRQRIJDVHRXVSROOXWDQWV LVQRW WKHVDPHDVXVLQJDGLVFUHWHSKDVHPRGHO5HVHDUFKHUV
KDYH IRXQG WKDW VLPXODWLRQV EHWZHHQ JDVHRXV SROOXWDQW DQG SDUWLFOH VKRZHG GLIIHUHQW SDWWHUQV LQ SROOXWDQW
FRQFHQWUDWLRQ&DUSHQWLHULHWDO+DQJHWDO4XDQJHWDO7KDWSKHQRPHQRQLVGXHWRWKH
SURFHVVRISDUWLFOHGLVSHUVLRQLQFOXGLQJWXUEXOHQWPL[LQJDQGGLOXWLRQGHSRVLWLRQDQGVRRQ.XPDUHWDO
%\LQYHVWLJDWLQJWKHGHSHQGHQFHRQZLQGFKDUDFWHULVWLFVSDUWLFOHQXPEHUGLVWULEXWLRQVDQGFRQFHQWUDWLRQV
+DJOHUHWDODQG.XPDUHWDOHVWLPDWHGWKHSDUWLFOHQXPEHUIOX[DQGSDUWLFOHQXPEHUHPLVVLRQ
IDFWRUVLQW\SLFDOXUEDQVWUHHWVDQGGULYLQJFRQGLWLRQVE\ILHOGPHDVXUHPHQWV:LQGWXQQHOH[SHULPHQWVZHUH
FDUULHGRXW WR VWXG\ WKHSDUWLFOHGLVSHUVLRQ DQG WKH LQIOXHQFHE\ WKHEXLOGLQJJHRPHWU\ VXFK DVKHLJKW URRI
VKDSHRUWKHVXUIDFHWHPSHUDWXUH$OOHJULQLHWDO/ODJXQR0XQLW[DHWDO0HURQH\HWDO
1LNRORYDHWDO ,Q DGGLWLRQ WRZLQG WXQQHO VWXGLHV '&RPSXWDWLRQDO)OXLG'\QDPLF &)' VWXGLHV
ZHUH XQGHUWDNHQ )RU H[DPSOH 6DQWLDJR HW DO  HVWDEOLVKHG D ' 6/3 VWUHHW /DJUDQJLDQ SDUWLFOHV
PRGHOWRFDOFXODWH30	30GLIIXVLRQLQVWUHHWFDQ\RQVFRPSDUHGWKHUHVXOWVZLWKPHDVXUHGYDOXHVDQG
IRXQGDJRRGFRUUHODWLRQ:LWKWKHDGYDQFHPHQWVLQFRPSXWLQJSRZHUPRUH'&)'VLPXODWLRQVZHUHXVHGLQ
UHFHQWUHVHDUFKHV%RZNHUHWDO+HHWDO1LNRORYDHWDO6WHIIHQVHWDO-LQHWDO
VWXGLHGWKHVSUHDGRI+62LQD'PRGHO5HVXOWVVKRZHGWKDWWKHZLQGGLUHFWLRQLVDNH\LQIOXHQFH
RQ WKHSDUWLFOHQXPEHUFRQFHQWUDWLRQRQ OHHZDUGDQGZLQGZDUGZDOOV)XUWKHUPRUH UHVHDUFKHUV LQYHVWLJDWHG
RWKHU DVSHFWV )DOODK6KRUVKDQL HW DO  LQWHJUDWHG D VWUHHWFDQ\RQ PRGHO ZLWK D UHJLRQDO *DXVVLDQ
GLVSHUVLRQ PRGHO IRU LPSURYLQJ WKH FKDUDFWHUL]DWLRQ RI QHDUURDG DLU SROOXWLRQ =KRQJ HW DO 
V VWXG\
UHYHDOHG WKH LPSDFWV RI QRQOLQHDU 212[92& SKRWRFKHPLFDO SURFHVVHV LQ DQ LQFRPSOHWH PL[LQJ
HQYLURQPHQWDQGSURYLGHGDJRRGGHVFULSWLRQRIWKHSUHSURFHVVLQJRIHPLVVLRQVZLWKLQFDQ\RQVSULRUWRWKHLU
UHOHDVHWRWKHXUEDQERXQGDU\OD\HUE\XVLQJDFRPELQDWLRQRIVWUHHWFDQ\RQG\QDPLFVDQGFKHPLVWU\
,QPRUHUHFHQWVWXGLHVWKHLQIOXHQFHRIRWKHUREMHFWVLQWKHFDQ\RQVXFKDVSODQWVDQGURDGEDUULHUVZDVDOVR
VLPXODWHG0RUDGSRXUHWDO1HIWHWDO:DQJHWDO:DQLDHWDO:LWKWKHJURZWKRI
FLWLHVDQGURDGQHWZRUNVPRUHDQGPRUHYLDGXFWVDUHEXLOWRYHUPDLQURDGV9LDGXFWVKDYHEHFRPHDFRPPRQ
VWUXFWXUHLQLQWHUQDWLRQDOPHWURSROLVHV7KHH[LVWHQFHRIDYLDGXFWLQWKHFDQ\RQFDQLQIOXHQFHWKHGLVSHUVLRQRI
SROOXWDQWV2QRQHKDQGYLDGXFWIDFLOLWDWHVWKHPRYHPHQWRIPRUHYHKLFOHVLQWRWKHFDQ\RQZKLFKLQFUHDVHV
WKH HPLVVLRQ VRXUFHV 2Q WKH RWKHU KDQG LW FDQ FKDQJH WKH IORZ SDWWHUQ ZKLFK FDQ LQIOXHQFH WKH SROOXWDQW
FRQFHQWUDWLRQSDWWHUQ1RLVHEDUULHUVDUHEXLOW WRUHGXFH WKH LPSDFWRI WUDIILFQRLVHRQUHVLGHQWV0HDQZKLOH
WKH\FDQDOVRLQIOXHQFHWKHSROOXWDQWGLVSHUVLRQE\LQIOXHQFLQJWKHIORZSDWWHUQ8QIRUWXQDWHO\WKHUHDUHIHZ
OLWHUDWXUHVFRQFHUQLQJWKLVW\SLFDOOD\RXWRIVWUHHWFDQ\RQVXVLQJDUHDOVL]HVLPXODWLRQ%DOGDXIHWDO 
PHDVXUHG WKHSROOXWDQWGLVSHUVLRQQHDUD ODUJHKLJKZD\ LQ3KRHQL[$UL]RQD86$WRVWXG\ WKH LQIOXHQFHRI
QRLVHEDUULHUVRQDLUTXDOLW\9HQNDWUDPHWDOGHYHORSHGDQ'PRGHO WRVLPXODWH WR LPSDFWRIQRLVH
EDUULHUVRQQHDUURDGDLUTXDOLW\DQGVKRZHGJRRGDJUHHPHQWVZLWK%DOGDXIHWDO
VPHDVXUHPHQWV%DOGDXIHW
DO6WXGLHVDERYHVKRZHGWKDWEDUULHUVKDYHJUHDWLPSDFWRQSROOXWDQWGLVSHUVLRQ+DQJHWDOVWXGLHGWKH
IORZ DQG &2 GLVSHUVLRQ LQ D V\PPHWULF FDQ\RQ ZLWK +:  RU  +DQJ HW DO  DQG DQDO\]HG WKH
HIIHFWVRIYLDGXFWURDGEDUULHUVDQGJURXQGKHDWLQJRQJDVHRXVSROOXWDQWGLVSHUVLRQDQGSDUWLFOHGLVWULEXWLRQLQ
DV\PPHWULFFDQ\RQZLWK+: +DQJHWDO,WZDVIRXQGWKDWWKHYLDGXFWVUHGXFHGWKHRYHUDOOLQGRRU
SROOXWDQW FRQFHQWUDWLRQV EHFDXVH WKH\ VORZHG GRZQ WKH IORZ DERYH YLDGXFW DQG VWUHQJWKHQHG SDUWLFOH
GHSRVLWLRQRQWRWKHYLDGXFWVXUIDFH+HHWDOVLPXODWHG WKH IORZDQG&2GLVSHUVLRQ LQGHHSFDQ\RQV
ZLWK+:UDWLRIURPWR)URPWKHVHDUWLFOHVFRQFOXVLRQVZHUHGUDZQWKDWYLDGXFWVDQGQRLVHEDUULHUVKDYH
ODUJH LPSDFWV RQ SROOXWDQW GLVSHUVLRQV DQG WKHUH DUH VWLOO PRUH WKLQJV UHPDLQHG WR VWXG\ ZLWK WKLV FDQ\RQ
VWUXFWXUH7KHVHUHVHDUFKHVSDLGPRUHDWWHQWLRQWRJDVHRXVSROOXWDQWDQGWKHFDQ\RQVDUHLGHDOVWUHHWFDQ\RQV
WKDWDVSHFWUDWLR+:LVJUHDWHURUHTXDOWRWKHEXLOGLQJVDORQJVLGHDUHZLWKHTXDOKHLJKW+RZHYHUW\SLFDO
VWUHHWFDQ\RQVZLWKYLDGXFWVDQGEDUULHUVDOZD\VKDYHORZ+:UDWLRDQGWKHEXLOGLQJVDORQJVLGHDUHVHOGRP
V\PPHWULF3UHYLRXVUHVHDUFKHVLQGLFDWHGWKDWVWUHHWFDQ\RQFRQILJXUDWLRQLVRQHRIWKHPRVWLPSRUWDQWIDFWRUV
WKDWDIIHFW WKHFKDUDFWHULVWLFVRIIORZUHJLPHDQGSROOXWDQWGLVSHUVLRQLQWKHVWUHHWFDQ\RQ0DGDOR]]RHWDO
2NH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7KHUHIRUH WKHUHVKRXOGEHPRUHUHVHDUFKHVFRQFHUQLQJ30GLVSHUVLRQLQ
VWUHHWFDQ\RQVFORVHWRWKHUHDOHQYLURQPHQW7KLVSDSHUGHYHORSVDGLVSHUVLRQPRGHOEDVHGRQGLVFUHWHSKDVH
PRGHO '30 ,Q RUGHU WR VWXG\ WKH FKDUDFWHULVWLFV RI 30 GLVSHUVLRQ LQ VWUHHW FDQ\RQ ZLWK FRPSOLFDWHG
FRQILJXUDWLRQVWKDWLQFOXGHYLDGXFWVQRLVHEDUULHUVDQGDV\PPHWULFDOEXLOGLQJVWKUHHW\SHVRIVWUHHWFDQ\RQV
DUH GLVFXVVHG V\PPHWULF FDQ\RQV VWHSXS FDQ\RQV DQG VWHSGRZQ FDQ\RQV 9LDGXFWV DQG QRLVH EDUULHUV LQ
WKHVHWKUHHW\SHVRIFDQ\RQVDUHVWXGLHGWRHYDOXDWHWKHLQIOXHQFHRIYLDGXFWVDQGQRLVHEDUULHUVRQWKHIORZ
DQG 30 GLVSHUVLRQ SDWWHUQV )LQGLQJV IURP WKLV VWXG\ VKDOO E\ LQWHUHVWHG E\ HQYLURQPHQWDO VFLHQWLVWV DQG
WUDQVSRUWSODQQHUVZKRDLPWRPRGHODQGUHGXFHDLUSROOXWLRQOHYHOVLQWKHXUEDQWUDIILFHQYLURQPHQW
7KHVWUXFWXUHRIWKHSDSHULVDVIROORZV6HFWLRQ GHVFULEHVWKHPRGHOVWUXFWXUHIORZDQGGLVSHUVLRQPRGHOLQJ
VHWXSVLQ&)'VLPXODWLRQV6HFWLRQ SUHVHQWV&)'YDOLGDWLRQE\H[SHULPHQWDOGDWD5HVXOWVDUHGLVFXVVHGLQ
6HFWLRQ DQG6HFWLRQ GUDZVWKHFRQFOXVLRQDQGUHIOHFWVRQWKHUHVHDUFKDSSURDFK
b1XPHULFDOVLPXODWLRQ
b6LWHGHVFULSWLRQ

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 
$FFRUGLQJWR6KDQJKDL0DVWHU3ODQIRU ?WKHUHZLOOEHNPYLDGXFWVEXLOWLQWKLVFLW\DFFRXQWLQJ
IRU  RI WKH WRWDO PDLQ URDG OHQJWK 6KDQJKDL *RYHUQPHQW >,QVWUXFWLRQ ,QVHUW 6KDQJKDL
*RYHUQPHQW @ 7KH FRQWULEXWLRQ RI PRELOH HPLVVLRQ VRXUFHV WR WKH FRQFHQWUDWLRQ RI 30 LQ 6KDQJKDL
UDQNVIRXUWK LQ&KLQD
VFLWLHV &KLQD9HKLFOH(QYLURQPHQWDO0DQDJHPHQW$QQXDO5HSRUW 7KHUHIRUH
6KDQJKDL LV FRQVLGHUHG DV D W\SLFDO FDVH LQ WKLV VWXG\ LQ RUGHU WR PDNH WKH UHVHDUFK PRUH LPSDFWIXO 1RUWK
=KRQJVKDQ 5RDG LV DQ LGHDO VWUHHW FDQ\RQ DV WKHUH LV D YLDGXFW ,QQHU 5LQJ (OHYDWHG 5RDG ,W LV ORFDWHG DW
r ? ?1DQGr ? ?($PDSRIWKHORFDWLRQZLWKLQWKLVDUHDLVJLYHQLQ 
7KHVWUHHWLVDERXWPZLGHZLWKWUDIILFODQHVZKLFKWDNHPLQWRWDO7KHYLDGXFWLVPKLJKDQGKDVVL[
ODQHV 7KH WKLFNQHVV RI WKH YLDGXFW LV P 7KH GLVWDQFH EHWZHHQ WKH WZR EULGJH SLHUV LV DERXW P PXFK
ODUJHUWKDQWKHWKLFNQHVVRIDSLHU7KHUHIRUHSLHUVDUHQRWLQFOXGHGLQWKHPRGHO7KHVWUHHWVLGHEXLOGLQJVDUH
UHVLGHQWLDOEXLOGLQJVDQGPWDOO$'PRGHOFDQEHGHYHORSHGDVGUDZQLQ)LJ,QWKLVPRGHOWKHDVSHFW
UDWLRLVZKLFKPHDQVWKDWLWLVDZLGHFDQ\RQ%HVLGHVDORQJ1RUWK=KRQJVKDQ5RDGWKHUHDUHRWKHUVWUHHW
FDQ\RQVWKDWKDYHGLIIHUHQWEXLOGLQJVRQWKHWZRVLGHVRQHLVWKHVDPHUHVLGHQWLDOEXLOGLQJDVGHVFULEHGDERYH
WKH RWKHU LV D P WDOO KRWHO DQG D P WDOO RIILFH EXLOGLQJ7DEOH  OLVWV WKH FRQILJXUDWLRQV VWXGLHG LQ WKLV
SDSHU
)LJ60
)LJ
&RQILJXUDWLRQREVHUYDWLRQ]RQHVRIWKHVWUHHWFDQ\RQDQGJULGGHWDLOLQ&)'VLPXODWLRQDURXQGWKHQRLVHEDUULHU
DOWWH[W7DEOH
7DEOH
6XPPD>,QVWUXFWLRQ7:,QWKHSURRIWKLVWDEOHLVQRWVKRZQSHUIHFW%XWLFDQQRWHGLWLWLQWKHSURRI&RXOG\RXSOHDVHDGMXVWWKH
FROXPQZLGWKWRPDNHLWPRUHSHUIHFW"@U\RIFRQILJXUDWLRQVLQWKH&)'PRGHO
L 7KHSUHVHQWDWLRQRI7DEOHVDQGWKHIRUPDWWLQJRIWH[WLQWKHRQOLQHSURRIGRQRWPDWFKWKHëQDORXWSXWWKRXJK
WKHGDWDLVWKHVDPH7RSUHYLHZWKHDFWXDOSUHVHQWDWLRQYLHZWKH3URRI
7KH GLVSHUVLRQ RI SROOXWDQWV YDULHV GHSHQGLQJ RQ WKH IORZ SDWWHUQV FDXVHG E\ WKH GLIIHUHQW FDQ\RQ
FRQILJXUDWLRQV7KHUHIRUHDOOWKHIDFWRUVFRQVLGHUHGLQWKLVSDSHUKDYHDQLQIOXHQFHRQKXPDQKHDOWK,QRUGHU
WR PDNH LW PRUH LQWXLWLYH WKUHH NH\ ]RQHV WKDW LQIOXHQFH KXPDQ KHDOWK PRVWO\ DUH VHW WR VWXG\ WKH LQWHJUDO
SROOXWDQW FRQFHQWUDWLRQ )LJ  =RQH $ DQG ]RQH % DUH VHW FORVH WR WKH OHHZDUG EXLOGLQJ DQG ZLQGZDUG
EXLOGLQJUHVSHFWLYHO\ZLWKPZLGWK7KHVHWZR]RQHVLQIOXHQFHSHRSOHOLYHRUZRUNLQWKHEXLOGLQJ=RQH&LV
VHWRQHWKHJURXQGZLWKDPKHLJKW3ROOXWDQWLQ]RQH&KDUPVWKHKHDOWKRIWKHSHGHVWULDQ
+HUH+VWDQGVIRUWKHOHHZDUGEXLOGLQJ+VWDQGVIRUWKHOHHZDUGEXLOGLQJ$VIRUFDVHQDPHV19VWDQGV
IRU  ?QR YLDGXFW ? 92 IRU  ?YLDGXFW RQO\ ? DQG 9% IRU  ?YLDGXFW ZLWK EDUULHUV ? 7KH QXPEHU DW WKH HQG PHDQV
UHSUHVHQWVWKH++UDWLR
b&)'VHWXSVLQIORZPRGHOLQJ
&RPSXWDWLRQDO IOXLG G\QDPLFV PRGHOLQJ LV EDVHG RQ QXPHULFDO VROXWLRQV WR WKH GLVSHUVLRQ HTXDWLRQ DQG WKH
VLPXODWLRQRIIOXLGIORZZKLFKDUHGHULYHGIURPWKHFRQVHUYDWLRQDQGWUDQVPLVVLRQSULQFLSOHV7KHDLUZLWKLQ
WKHVWUHHWFDQ\RQFDQEHFRQVLGHUHGDQLQFRPSUHVVLEOHWXUEXOHQWLQHUWIORZDQGWKHDLUDQGSROOXWDQWGHQVLW\LV
DVVXPHG FRQVWDQW $V VWDWHG E\ 6LQL HW DO  WKHVH DVVXPSWLRQV DUH UHDVRQDEOH IRU PRVW ORZOHYHO
DWPRVSKHULFHQYLURQPHQWV,QDGGLWLRQWXUEXOHQFHGXHWREXR\DQF\HIIHFWVLVQRWWDNHQLQWRFRQVLGHUDWLRQDV
WKHUPDOHIIHFWVLQVWUHHWFDQ\RQVDUHQRWLQFOXGHGLQWKLVVWXG\
7KUHH W\SHV RI VWHDG\ 5$16 WXUEXOHQFH PRGHOV VWDQGDUG 51* 5HDOL]HG   PHWKRG ZHUH ILOWHUHG E\
FRPSDULQJZLWKZLQGWXQQHOH[SHULPHQW$OOHJULQLHWDOLQWKLVVWXG\7KHFRQVHUYDWLRQHTXDWLRQVDUH
DWWDFKHG LQ 6XSSRUWLQJ 0DWHULDOV $FFRUGLQJ WR <RVKLH 
V UHVHDUFK VWHDG\ 5$16 WXUEXOHQFH PRGHOV
KDYHOLPLWDWLRQVLQSUHGLFWLQJWXUEXOHQFH)RUH[DPSOHWKH\FDQQRWSUHGLFWWKHOHQJWKRIUHDWWDFKPHQWEHKLQG
&DQ\RQ7\SH &DVH1DPH 9LDGXFW	%DUULHU /HHZDUG+HLJKW :LQGZDUG+HLJKW ++ +:
6\PPHWULFFDQ\RQ
19 :LWKRXWYLDGXFW   

92 :LWKYLDGXFW   
9% :LWKYLDGXFW	EDUULHU   
6WHSXSFDQ\RQ
92 :LWKYLDGXFW   
9% :LWKYLDGXFW	EDUULHU   
92 :LWKYLDGXFW   
9% :LWKYLDGXFW	EDUULHU   
6WHSGRZQFDQ\RQ
92 :LWKYLDGXFW   
9% :LWKYLDGXFW	EDUULHU   
92 :LWKYLDGXFW   
9% :LWKYLDGXFW	EDUULHU   
EXLOGLQJV DQG WKH\ XQGHUHVWLPDWH WKH VSHHG RI ZHDN ZLQG UHJLRQV 'HVSLWH WKH OLPLWDWLRQV VWHDG\ 5$16
WXUEXOHQFH PRGHOV KDYH EHHQ ZLGHO\ DSSOLHG EHFDXVH WKH\ DUH VXFFHVVIXOO\ YDOLGDWHG LQ SUHGLFWLQJ DYHUDJH
DLUIORZV+DQJHWDODQGIORZDURXQGEXLOGLQJ$LDQG0DN0DQ\UHVHDUFKHUVKDYHDSSOLHGWKH
VWHDG\ 5$16 WXUEXOHQFH PRGHOV LQ WKHLU VWXGLHV VXFK DV WKH 51*  PHWKRG +DELORPDWLV DQG
&KDORXODNRX/LHWDO;LHHWDOWKH6WDQGDUG PHWKRG.LPDQG%DLN.XPDU
HWDO;LDRPLQHWDODQG5HDOL]DEOH PHWKRG$OOHJULQLHWDO0RRQHQHWDO
0RUDGSRXUHWDO
7KHFRPPHUFLDO&)'VRIWZDUH)OXHQWLVXVHGWRLPSOHPHQWWKHPDWKHPDWLFDOPRGHODERYH,QDGGLWLRQ
WKHJRYHUQLQJHTXDWLRQVDUHGLVFUHWL]HGXVLQJWKHILQLWHYROXPHPHWKRGDQGWKHVHFRQGRUGHUXSZLQGVFKHPH
7KH6,03/(VFKHPHLVXVHGIRUWKHSUHVVXUHDQGYHORFLW\FRXSOLQJ
7KH LQOHW IORZYHORFLW\ LVH[SUHVVHG LQDQH[SRQHQWLDO I>,QVWUXFWLRQ277KHHTXDWLRQ LVFRUUHFW%XW LQ WKH
SURRIDOOWKHHTXDWLRQV(TDUHVSOLWHGLQGLIIHUHQWOLQHVE\WKHHTXDOVLJQV3OHDVHFKHFNLW@XQFWLRQ
ZKHUH LVWKHDFRPPRQZLQGVSHHGLQ6KDQJKDLZKLFKLVPV*XHWDO/LHWDO+ LV WKH
KHLJKWRIWKHEXLOGLQJDQG=LVWKHWKLFNQHVVRIWKHERXQGDU\OD\HUZKLFKLVPLQWKHSDSHU7KLVWKLFNQHVVLV
DOVRDSSOLHGLQ$LDQG0DN
VVLPXODWLRQ LVVHWWRZKLFKLVWKHZLQGSURILOHH[SRQHQWLQGLFDWLQJ
WKHEDVHVXUIDFHURXJKQHVVLQUHODWLRQWRWKHWHUUDLQFDWHJRU\RIWKHPLGGHQVHXUEDQDUHD+DQJHWDO
7KH RXWOHW LV VHW ZLWK RXWIORZ FRQGLWLRQ 7KH WRS GRPDLQ LV VHW DV V\PPHWULFDO 7KH RWKHU ZDOOV LQFOXGH
EXLOGLQJVYLDGXFW QRLVHEDUULHUV DQG WKHERWWRPVWUHHW DUH DOO GHILQHGDVQRQVOLSZDOOVZLWK VWDQGDUGZDOO
IXQFWLRQ
)LJDOVRVKRZVWKHPHVKGHWDLOVLQWKHPRGHOLQWKHH[SDQGHGER[$VWKHWKLFNQHVVRIWKHQRLVHEDUULHUKDV
EHHQVHWWRbPWKHPLQLPXPVL]HFDQQRWEHODUJHUWKDQbP6PDOOHUVL]HZLOOSURORQJWKHFRPSXWDWLRQDO
WLPHEXWKDYHOLWWOHLQIOXHQFHRQWKHUHVXOWV6RWKHPLQLPXPJULGVDUHVHWDVbPbP*ULGVRIWKLVVL]H
DUHDSSOLHGWRWKHZKROHDUHDLQVLGHWKHFDQ\RQ+RZHYHUWKHJULGVDERYHWKHFDQ\RQDQGEXLOGLQJVEHFRPH
ELJJHUDVWKH\KDYHOLWWOHHIIHFWV7KHFRQYHUJHQFHFULWHULDRIDOOUHVLGXDOVLVVHWWRH
b&)'VHWXSVLQGLVSHUVLRQPRGHOLQJ
,QRUGHUWRVLPXODWHWKHLQHUW30GLVSHUVLRQDGLVFUHWHSKDVHPRGHO'30LQ$16<6)OXHQWLVXVHG)OXHQW
7KHWUDMHFWRU\RIDGLVFUHWHSKDVHSDUWLFOHRUGURSOHWRUEXEEOHLVSUHGLFWHGE\DQDO\]LQJWKHIRUFHVRQ
WKHSDUWLFOHZKLFKLVZULWWHQLQD/DJUDQJLDQUHIHUHQFHIUDPH7KLVIRUFHHTXDWLRQLQFOXGHVWKHSDUWLFOHLQHUWLD
DQGWKHIRUFHVDFWLQJRQWKHSDUWLFOHDQGFDQEHZULWWHQDV


ZKHUH LVWKHSDUWLFOHPDVV LVWKHIOXLGSKDVHYHORFLW\ LVWKHSDUWLFOHYHORFLW\ LVWKHIOXLGGHQVLW\ LV
WKH SDUWLFOH GHQVLW\   LV DQ DGGLWLRQDO IRUFH   LV WKH GUDJ IRUFH DQG  LV WKH GURSOHW RU SDUWLFOH
UHOD[DWLRQWLPH*RVPDQDQGORDQQLGHVFDOFXODWHGE\
KHUH LVWKHPROHFXODUYLVFRVLW\RIWKHIOXLG LVWKHSDUWLFOHGLDPHWHU
$QHLJKWSRLQWJURXSVRXUFHRQWKHJURXQGLVXVHGWRVLPXODWHWKHHLJKWOLQHVWUHHWDQGVL[SRLQWJURXSVRXUFH
RQWKHYLDGXFWWRVLPXODWHWKHVL[OLQHYLDGXFW)LJ7KHLQLWLDOVSHHGVRIWKHSDUWLFOHVDUHDOOVHWWR]HUR7KH
5RVLQ5DPPOHU'LDPHWHU'LVWULEXWLRQ0HWKRGLVXVHGWRVHWWKHGLDPHWHURIWKHSDUWLFOHV7KHPHDQGLDPHWHU
XVHGLQWKLVVWXG\UHIHUUHGWR/LHWDO
VZRUN
b&)'YDOLGDWLRQ
b&)'YDOLGDWLRQRIIORZPRGHOLQJ
,WLVNQRZQWKDWPRGHOYDOLGDWLRQLVDYLWDOVWHSLQ&)'PRGHOLQJEHIRUHDFWXDOVLPXODWLRQV7KHUHIRUHD'
LVRODWHG FDQ\RQ PRGHO ZDV EXLOW LQ RUGHU WR HYDOXDWH WKH DFFXUDF\ RI WKH WXUEXOHQW PRGHO RI WKLV VWXG\ 
$OOHJULQL HW DO  FRQVWUXFWHG D ZLQG WXQQHO PDGH RI DOXPLQXP SODWH WR PHDVXUH WKH IORZV LQ VWUHHW
FDQ\RQWKHQGLGDVHULHVRIWZRGLPHQVLRQDO&)'VLPXODWLRQVXVLQJGLIIHUHQWZDOOIXQFWLRQVDQGFRPSDUHGWKH
UHVXOWVZLWKKLVZLQGWXQQHOPHDVXUHPHQW9DOLGDWLRQUHVXOWVLQWKLVSDSHUZHUHFRPSDUHGZLWKWKHZLQGWXQQHO
H[SHULPHQWVIURP$OOHJULQLHWDO&DQ\RQIRUYDOLGDWLRQZDVEXLOW LQDFFRUGDQFHZLWK $OOHJULQLHWDO

VDSSURDFKDVZHOO,QWKLVFDVHWKHPRGHOZDVPKLJKDQGPORQJ7KHGLVWDQFHEHWZHHQ
WKHFDQ\RQDQGWKHLQOHWGRPDLQLVPDQGRXWOHWGRPDLQP7KHFDQ\RQLVPZLGHZKLOHLWVDVSHFW
UDWLRLV7KHJHRPHWU\DQGJULGVFDQEHVHHQLQ 'LIIHUHQWPLQLPXPFHOOVL]HVDUHWHVWHGWRYHULI\
WKHJULG LQGHSHQGHQFH7KH UHVXOWV DUH VKRZQ LQ )LJ D :KHQ PLQLPXP FHOO VL]H LV P RU P
UHVXOWV VKRZ JRRG DJUHHPHQWV ZLWK $OOHJULQL HW DO 
V PHDVXUHPHQW 6LQFH WKH VPDOOHU FHOO VL]H FRVWV
PXFKPRUHFRPSXWDWLRQWLPHWKHJULGVL]HLQVLGHWKHFDQ\RQXVHGLQWKHYDOLGDWLRQZDV 7KH
WRWDOJULGQXPEHUZDV7KHFRQYHUJHQFHFULWHULDRIDOOUHVLGXDOVLVVHWWRH7KHGLIIHUHQWW\SHVRI
PRGHOVWDQGDUG51*5HDOL]HGZHUHDOOWHVWHGWRYHULI\WKHEHVWPRGHOWKDWPDWFKWKHH[SHULPHQWUHVXOW
)XUWKHUPRUH LQ RUGHU WR VWXG\ WKH HIIHFW RI ZDOO IXQFWLRQV RQ WKH UHVXOWV /RZ 5H\QROGV 1XPEHU 0HWKRG
/510DQGW\SHVRIQHDUZDOOWUHDWPHQWVLQFOXGLQJ6WDQGDUG:DOO)XQFWLRQ6:)6FDODEOH:DOO)XQFWLRQ
6&$:) DQG (QKDQFHG :DOO 7UHDWPHQW (:7 ZHUH DSSOLHG LQ YDOLGDWLRQ 7KHLU UHVXOWV RI QRUPDOL]HG
YHUWLFDOYHORFLW\98ZHUHFRPSDUHGZLWK$OOHJULQLHWDO
VGDWDWRGUDZDFRQFOXVLRQ
 

)LJ60
)LJ
)LJ E DQG F VKRZ WKH QRUPDOL]HG YHUWLFDO YHORFLW\ 98 DW KDOI FDQ\RQ KHLJKW \ + $OO WKH
VLPXODWLRQUHVXOWVVKRZKLJKVLPLODULW\ZLWKH[SHULPHQWVE\$OOHJULQLHWDO,WFDQEHVHHQFOHDUO\WKDW
WKHUHVXOWVIRUYHORFLW\XVLQJWKH6:)IXQFWLRQDUHWKHPRVWDFFXUDWH7KXVWKH6:)IXQFWLRQLVDSSOLHG2Q
WKH RWKHU KDQG WKHUH LV OLWWOH GLIIHUHQFH EHWZHHQ WKH RXWSXWV RI GLIIHUHQW  PRGHOV &RQVLGHULQJ LWV ZLGH
DSSOLFDWLRQDQGJRRGSHUIRUPDQFH$VDUHVXOWWKH51* PRGHOXVLQJ6:)VDVQHDUZDOOWUHDWPHQWLVXVHG
LQWKLVVWXG\
b&)'YDOLGDWLRQRISROOXWDQWGLVSHUVLRQPRGHOLQJ
7KHSROOXWDQWGLVSHUVLRQPRGHO LQ WKLVSDSHUZDVFRPSDUHGZLWKDQRWKHUZLQGWXQQHO WHVWE\ 0HURQH\HWDO
)LJDVKRZVWKHPHDVXUHPHQWSRLQWV7KH51* WXUEXOHQFHPRGHOZLWK6:)ZDVXVHGKHUHIRU
UHDVRQVVWDWHGLQ6HFWLRQ $OOWKHRWKHUVHWWLQJVZHUHWKHVDPHDVLQ6HFWLRQ 7KHSROOXWDQWVRXUFHLVVHW
LQWKHFHQWHURIWKHFDQ\RQJURXQG$QGVHWXSVRISDUWLFOHGLDPHWHULVWKHVDPHDVWKHRQHGLVFXVVHGLQ6HFWLRQ
 ,Q RUGHU WR FRPSDUH H[SHULPHQWDO UHVXOWV DQG FDOFXODWHG UHVXOWV PRUH HDVLO\ WKH FRQFHQWUDWLRQ RI HDFK
PHDVXUHPHQWSRLQWLVH[SUHVVHGDVDUDWLRWRWKHKLJKHVWFRQFHQWUDWLRQSRLQW7KHKLJKHVWFRQFHQWUDWLRQSRLQWLV
37KXVWKHQRUPDOL]HGFRQFHQWUDWLRQLVFDOFXODWHGE\ $VLPLODUGDWDSURFHVVLQJPHWKRGZDVXVHGE\
;LDDQG/HXQJ7KHFRPSDULVRQUHVXOWVDUHGHSLFWHGLQ)LJE2YHUDOOYDOXHVIURPWKHVLPXODWLRQ
UHVXOWDUHFORVHWRWKHH[SHULPHQWDOGDWD7KHFRPSXWHGUHVXOWDWWKHVL[WKSRLQWLVORZHUWKDQWKHZLQGWXQQHO
UHVXOW7KHVPDOOHUURUVPD\EHFDXVHGE\GLIIHUHQWFDQ\RQVWUXFWXUH0HURQH\HWDOXVHGDQRQLVRODWHG
FDQ\RQ LQ WKHLU VWXG\ ZKLOH WKH FDQ\RQ LQ WKLV SDSHU LV DQ LVRODWHG RQH ,W LV LQ JRRG FRUUHODWLRQ ZLWK WKH
)ORZYDOLGDWLRQIURP&)'VLPXODWLRQVDQGZLQGWXQQHOGDWDRQQRUPDOL]HGYHUWLFDOYHORFLW\
 

H[SHULPHQWDO GDWD H[FHSW IRU WKH VL[WK SRLQW %HVLGHV D OLQHDU UHJUHVVLRQ DQG WKUHH VWDWLVWLFDO SDUDPHWHUV
QRUPDOL]HGPHDQVTXDUHHUURU106(DQGFRUUHODWLRQ5ZHUHFDOFXODWHGWRFRPSDUHWKHWZRUHVXOWVIRUPRUH
GHWDLOHG HYDOXDWLRQ $V 5  106(  WKLV LQGLFDWHG D KLJKTXDOLW\ VLPXODWLRQ 7KH OLQHDU
UHJUHVVLRQFXUYHLVVKRZQLQ)LJF7KHUHIRUHWKHVHPRGHOVHWXSVFDQEHDFFHSWHG7KHIROORZLQJVHFWLRQ
ZLOOGLVFXVVWKHVLPXODWLRQUHVXOWVXVLQJWKLVPRGHOLQDUHDOVFDOHVWUHHWFDQ\RQ
b5HVXOWVDQGGLVFXVVLRQ
,QRUGHU WRJHW DPRUHXQLYHUVDO FRQFOXVLRQ FRQILJXUDWLRQV LQYHVWLJDWHG LQ WKLV SDSHU DUHGLYLGHG LQWR WKUHH
JURXSV V\PPHWULF VWUHHW FDQ\RQV ++  VWHSXS VWUHHW FDQ\RQV ++ DQG VWHSGRZQ VWUHHW
FDQ\RQV++!
b)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDV\PPHWULFVWUHHWFDQ\RQ
(IIHFWRIDYLDGXFWDQGQRLVHEDUULHUVLQDV\PPHWULFVWUHHWFDQ\RQLVSUHVHQWHGLQWKLVVHFWLRQ7KHIORZDQG
GLVSHUVLRQSDWWHUQVDUHVKRZQLQ)LJ$VVKRZQLQ)LJDDPDLQYRUWH[IRUPVLQWKHFDQ\RQDQGLWVFHQWHU
LVORFDWHGQHDUWKHZLQGZDUGZDOO$VDUHVXOWIORZVWUHDPVDUHPRUHLQWHQVLYHQHDUWKHZLQGZDUGVLGH'XHWR
WKHYRUWH[EHLQJFORFNZLVHDKLJKHUFRQFHQWUDWLRQRISROOXWDQWVLVRQWKHOHHZDUGVLGH)LJE
)LJ
'LVSHUVLRQYDOLGDWLRQIURP&)'VLPXODWLRQVDQGZLQGWXQQHOGDWD
:KHQWKHUHLVDYLDGXFW)LJFWKHYRUWH[LVGLYLGHGLQWRWZRZHDNRQHVDQGGLVWULEXWHGRQERWKVLGHVRI
WKHYLDGXFW:KHQWKHUHLVDYLDGXFWLQWKHFDQ\RQPRUHVRXUFHVRISDUWLFXODWHDUHLQWURGXFHG)LJ$VD
UHVXOWWKH'30FRQFHQWUDWLRQLQWKHFDQ\RQHQKDQFHV)LJG7KHSROOXWDQWVUHOHDVHGIURPWKHYHKLFOHVLQ
WKHYLDGXFWDUHWDNHQWRWKHFDQ\RQE\WKHZLQG,WFDQEHVHHQWKDWWKHUHLVDKLJKHUFRQFHQWUDWLRQRISROOXWDQWV
RQ WKH OHHZDUGVLGH)HZSROOXWDQWV UHPDLQRQ WKHZLQGZDUGVLGHRI WKHYLDGXFWGXH WR WKHZHDNVHFRQGDU\
YRUWH[DWWKHZLQGZDUGVLGH
7KUHHFORFNZLVHYRUWH[HVIRUPZKHQ WKHUHDUHQRLVHEDUULHUVRQ WKHYLDGXFW )LJH7KHUHDUH WZRPDLQ
YRUWH[HVRQHLVDERYHWKHYLDGXFWZKLOHWKHRWKHUDWWKHULJKWKDQGVLGHRIWKHYLDGXFW$VDUHVXOWWKHIORZ
VSHHGDERYHWKHYLDGXFWJHWVORZHU7KHSUHVHQFHRIQRLVHEDUULHUVPDLQO\FKDQJHVWKHIORZDURXQGWKHYLDGXFW
)LJ
)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDV\PPHWULFVWUHHWFDQ\RQ
6RPHSROOXWDQWLVVWXFNLQVLGHWKHYLDGXFWFDQ\RQDQGJDWKHUVDORQJWKHOHHZDUGVLGHRIWKHYLDGXFWZKHQWKH
QRLVHEDUULHUVDUHORFDWHG)LJI0RUHSROOXWDQWVWKDQLQ)LJGJDWKHUQHDUWKHZLQGZDUGVLGHFORVHWR
WKH ZLQGZDUG QRLVH EDUULHU 7KDW SKHQRPHQRQ LV UHODWHG WR WKH VWURQJHU YRUWH[ DW WKH ZLQGZDUG VLGH RI WKH
VWUHHWFDQ\RQ
9HUWLFDOSURILOHVRIFRQFHQWUDWLRQDWWKHZLQGZDUGZDOODQGOHHZDUGZDOODUHVKRZQLQ)LJDDQGE)LJ
DVKRZVDSHDNEHWZHHQPDQGPDWWKHZLQGZDUGZDOO7KLVOHYHORIFRQFHQWUDWLRQSRVHVKDUPIXOKHDOWK
HIIHFWVWRSHGHVWULDQVRQWKHVLGHZDONQHDUWKHZLQGZDUGZDOO7KLVSKHQRPHQRQLVHVSHFLDOO\REYLRXVLQWKH
92 FRQILJXUDWLRQ DQG LWV SHDN LV FRLQFLGHQWDOO\ IRXQG DW P KHLJKW ZKLFK LV DERXW WKH KHLJKW RI WKH
EUHDWKLQJ]RQHRIDGXOWV$WKHLJKWRYHUP92DQG9%VKRZOLWWOHGLIIHUHQFHLQWKHFRQFHQWUDWLRQ
ZKLFKLVVWLOOKLJKHUWKDQWKH19FRQILJXUDWLRQ7KLVLVHDV\WRXQGHUVWDQGEHFDXVHWKHUHDUHPRUHSROOXWDQW
VRXUFHVLQFDVH92DQG9%)LJEVKRZVYHUWLFDOSURILOHVRIFRQFHQWUDWLRQDWWKHOHHZDUGZDOO:KHQ
DYLDGXFWLVDGGHGWRWKHVWUHHWFDQ\RQWKHOHHZDUGZDOOFRQFHQWUDWLRQLVKLJKHUDWDOPRVWDOOKHLJKWV+RZHYHU
92FRQILJXUDWLRQKDVWKHKLJKHVWFRQFHQWUDWLRQOHYHODWKHLJKWVRYHUPEXWWKHFRQFHQWUDWLRQEHORZP
LVFRPSDUDEOHZLWK19FRQILJXUDWLRQ7KDWPHDQVYLDGXFWPDLQO\LQFUHDVHWKHSROOXWDQWFRQFHQWUDWLRQVDW
WKHKHLJKWRYHUPDWWKHOHHZDUGZDOO8QGHUDQDVVXPSWLRQWKDWHDFKIORRULVPKLJKWKHDIIHFWHGIORRUV
DUHIURPWKHIRXUWKIORRUWRWKHVL[WKIORRULQWKLVFDVH9LDGXFWZLWKQRLVHEDUULHUVLQFUHDVHVWKHFRQFHQWUDWLRQ
OHYHOFRPSDUHGZLWKQRYLDGXFW$WKHLJKWVDERYHPWKHGLIIHUHQFHLVPRUHSURIRXQG)LJFVKRZVWKH
KRUL]RQWDO SURILOHV RI FRQFHQWUDWLRQ DW WKH KHLJKW RI WKH EUHDWKLQJ ]RQH P $W WKLV KHLJKW SROOXWDQW
FRQFHQWUDWLRQQHDUWKHOHHZDUGVLGHLVPXFKKLJKHUWKDQLQWKHZLQGZDUGVLGHDFURVVDOOWKUHHFRQILJXUDWLRQV
,WLVFOHDUWRVHHWKDWQRLVHEDUULHUVRQYLDGXFWLQFUHDVHWKHFRQFHQWUDWLRQLQWKHFDQ\RQDWDKHLJKWRIP
)LJ
0RUH GHWDLOHG LQIRUPDWLRQ FDQ EH REWDLQHG IURP WKH LQWHJUDO FRQFHQWUDWLRQ FRPSDULVRQ )LJ G =RQH %
UHSUHVHQWVWKHORZHVWLQWHJUDOSROOXWDQWFRQFHQWUDWLRQ7KHLQWHJUDOFRQFHQWUDWLRQRI]RQH$LVQHDUO\WLPHV
KLJKHUWKDQ]RQH%+RZHYHULWLVWKHSHGHVWULDQVZKRVXIIHUPRVWDV]RQH&
VLQWHJUDOFRQFHQWUDWLRQLVPXFK
KLJKHU WKDQ WKH RWKHU WZR :KHQ D YLDGXFW LV EXLOW SROOXWDQWV LQ ]RQH & LQFUHDVHG E\ PRUH WKDQ WZR WLPHV
FRPSDUHGZLWK19VLWXDWLRQ0HDQZKLOHLQWHJUDOFRQFHQWUDWLRQLQ]RQH%LVWKUHHWLPHVPRUHWKDQLQ&DVH
19 ZKLOH ]RQH $ LV QHDUO\ WZR WLPHV PRUH WKDQ LQ &DVH 19 $IWHU QRLVH EDUULHUV DUH XVHG LQWHJUDO
FRQFHQWUDWLRQ LQ]RQH$&KDVEHHQ UHGXFHG LQYDU\LQJGHJUHHV$PRQJ WKHP WKH LQWHJUDOFRQFHQWUDWLRQRI
]RQH & KDV WKH PRVW VLJQLILFDQW GHFUHDVH ,Q FRQFOXVLRQ EHFDXVH RI PRUH SROOXWDQW EHLQJ LQWURGXFHG ZKHQ
WKHUH LV D YLDGXFW PRUH KDUPIXO HIIHFW LV WR SHRSOH LQVLGH WKH FDQ\RQ )XUWKHUPRUH SHRSOH ZRUN RU OLYH LQ
EXLOGLQJVRQWKHOHHZDUGVLGHDUHPRVWO\DIIHFWHG1RLVHEDUULHUFDQKHOSWRUHGXFHWKHLQWHJUDOFRQFHQWUDWLRQLQ
WKHDUHDVWKDWDIIHFWSHRSOH
VEUHDWKLQJ3HGHVWULDQVH[SRVHGRQWKHVWUHHWEUHDWKLQOHVVSROOXWLRQDQGEHQHILW
PRVWIURPWKLVVWUXFWXUH7KHUHIRUHQRLVHEDUULHUVFDQUHGXFHWKHKHDOWKLPSDFWVRIYHKLFOHHPLVVLRQRQSHRSOH
LQWKLVW\SHRIVWUHHWFDQ\RQV
b)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDVWHSXSVWUHHWFDQ\RQ
)LJ DKVKRZWKHHIIHFWRIDYLDGXFWZLWKRUZLWKRXWQRLVHEDUULHUZKLOH WKH OHHZDUGEXLOGLQJ LV ORZHU
WKDQZLQGZDUG6LPLODU WR WKH IORZSDWWHUQRI&DVH19 WKHUHDUH WZRYRUWH[HVZKHQ WKHUHDUHQRQRLVH
EDUULHUV RQ WKH YLDGXFW LQ DQ ++  FDQ\RQ )LJ D %XW FRPSDUHG WR )LJ F ERWK YRUWH[HV JHW
VWURQJHUDQGWKHFHQWHUVRIWKHPPRYHXSZKHQ++ 'XHWRWKHIORZPRVWSROOXWDQWVUHOHDVHGE\WKH
&RQFHQWUDWLRQLQV\PPHWULFDOVWUHHWFDQ\RQV
YLDGXFW JDWKHU QHDU WKH WZR VLGH RI WKH YLDGXFW )LJ E ZKLFK LV DOVR WKH YRUWH[ FHQWHU ,Q DGGLWLRQ
SROOXWDQWVUHOHDVHGIURPWKHVWUHHWDUHFDUULHGWRWKHOHHZDUGRIWKHFDQ\RQ
)LJ
:KHQQRLVHEDUULHUVDUHDGGHGLQWKLVFDQ\RQ)LJFYRUWH[HVDUHGLYLGHGLQWRWKUHHLQFOXGLQJWZRVWURQJ
RQHVDQGDZHDNRQHZKLFKVKRZVDVLPLODUSKHQRPHQRQZLWK)LJH7KHSUHVHQFHRIQRLVHEDUULHUVDOVR
ZHDNHQV WKHIORZDERYH WKHYLDGXFWEXWKDV OLWWOHHIIHFWRQ WKHUHVWRI WKHDUHD6RPHSROOXWDQWVDUH WUDSSHG
LQVLGHWKHFDQ\RQDQGJDWKHUDWWKHOHHZDUGVLGHRIWKHYLDGXFWZKHQWKHQRLVHEDUULHUVDUHORFDWHG)LJG
3DUWLFOHVJDWKHUHGQHDUWKHZLQGZDUGVLGHFORVHWRWKHZLQGZDUGQRLVHEDUULHULVELJJHUWKDQLQ)LJE7KLV
SKHQRPHQRQLVUHODWHGWRWKHVWURQJHUYRUWH[DWWKHZLQGZDUGVLGHRIWKHVWUHHWFDQ\RQ
:KHQ++ )LJH ?KWKHYRUWH[HVIXUWKHUGHYHORSDQGPRYHXS7KHOHIWYRUWH[FOLPEVXSWRWKH
XSSHUVXUIDFHRIWKHYLDGXFWLQ&DVH92)LJH1RLVHEDUULHUVVHYHUWKHOHIWYRUWH[LQWRWZRRQHDERYH
WKH YLDGXFW DQG WKH RWKHU RQ WKH OHIWKDQG VLGH RI WKH OHHZDUG EDUULHU )LJ J 'XH WR WKH IORZ PRVW
SROOXWDQWVUHOHDVHGE\WKHYLDGXFWJDWKHUDW WKHXSSHU OHIWHGJHRI WKHYLDGXFW)LJI DQG DUH WUDQVSRUWHG
WRZDUGV WKH XSSHU ULJKW 3ROOXWDQWV UHOHDVHG IURP WKH VWUHHW DUH FDUULHG WR WKH OHHZDUG RI WKH FDQ\RQ 1RLVH
EDUULHUVLQWKLVW\SHRIVWUHHWFDQ\RQJDWKHUWKHSROOXWDQWVUHOHDVHGIURPYLDGXFWLQVLGHWKHFDQ\RQ)LJK
+RZHYHUWKHSROOXWDQWVDUHVWLOOWDNHQWRWKHXSSHUULJKWDERYHWKHYLDGXFWE\WKHPDLQYRUWH[7KHLQIOXHQFH
RIQRLVHEDUULHUV:KHQ++ RQSROOXWDQWGLVSHUVLRQLVQRWVRELJDVZKHQ++ 7KLVLVEHFDXVH
YRUWH[HVKDYHDOUHDG\IRUPHGDERYHWKHYLDGXFWZKHQWKHUHDUHQREDUULHUV
)LJDVKRZVWKHYHUWLFDOSURILOHRIFRQFHQWUDWLRQDWWKHZLQGZDUGZDOO,WFDQEHVHHQWKDWLQDZLQGZDUG
EXLOGLQJWKHKLJKHUSHRSOHOLYHRUZRUNWKHIHZHUSROOXWDQWVWKH\DUHH[SRVHGWR$WWKHZLQGZDUGZDOOWKH
SHDNSRLQWVDSSHDUDWDERXW WKH VDPHKHLJKW PDERYH WKHJURXQG LQDOO IRXUFRQILJXUDWLRQVDQG WKHSHDN
YDOXHVDUHVLPLODU$SDUW IURPWKHSHDNSRLQW WKHFRQFHQWUDWLRQVRI&DVH92DQG9%DUHKLJKHU WKDQ
&DVH 92 DQG 9%DW WKH VDPH KHLJKWV 0RUHRYHU QRLVH EDUULHUV GR QRW DIIHFW WKH YHUWLFDO SURILOH RI
FRQFHQWUDWLRQDWWKHZLQGZDUGZDOO)LJEVKRZVWKHYHUWLFDOSURILOHRIFRQFHQWUDWLRQDWWKHOHHZDUGZDOO,W
FDQEHVHHQWKDWLQDOHHZDUGEXLOGLQJWKHKLJKHUSHRSOHOLYHRUZRUNWKHPRUHSROOXWDQWVWKH\DUHH[SRVHGWR
$WWKHOHHZDUGZDOOWKHSHDNSRLQWVDSSHDUDWDERXWPDERYHWKHJURXQGLQDOOIRXUFRQILJXUDWLRQV%XWQHDU
URRI OHYHO WKHUH LV D GRXEOH SHDN LQ 92 FDVHV EXW D VLQJOH SHDN LQ 9% FDVHV 0HDQZKLOH QRLVH EDUULHUV
HQKDQFH WKH SHDN YDOXH QR PDWWHU QHDU URRI OHYHO RU QHDU JURXQG OHYHO $SDUW IURP WKH SHDN SRLQW WKH
FRQFHQWUDWLRQV RI &DVH 92 	 9% DUH KLJKHU WKDQ &DVH 92 	 9%DW PRVW KHLJKW DQG QRLVH
EDUULHUVGRQRWDIIHFWWKHYHUWLFDOSURILOHRIFRQFHQWUDWLRQDWWKHOHHZDUGZDOO)LJFVKRZV WKHKRUL]RQWDO
SURILOHVRIFRQFHQWUDWLRQDWKHLJKWRIWKHEUHDWKLQJ]RQHP,WLVFOHDUWRVHHWKDWWKHLQFUHDVHRI++
UDWLR OHDGV WR WKH GHFUHDVH RI FRQFHQWUDWLRQ DW WKH KHLJKW RI EUHDWKLQJ ]RQH DQG EDUULHUV GR QRW DIIHFW WKH
SDUWLFOH FRQFHQWUDWLRQ 0HDQZKLOH FRQFHQWUDWLRQ QHDU WKH OHHZDUG VLGH LV VLJQLILFDQWO\ KLJKHU WKDQ WKH
ZLQGZDUG VLGH 7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ IURP )LJ G E\ FRPSDULQJ WKH RYHUDOO
FRQFHQWUDWLRQVZLWKLQWKHFDQ\RQ)LUVWO\QRLVHEDUULHUVGRQRWDIIHFWWKHSROOXWDQWFRQFHQWUDWLRQLQ]RQHVWKDW
DIIHFWSHRSOH
VEUHDWKLQJ6HFRQGO\WKHGHFUHDVHRI++UDWLROHDGVWRWKHLQFUHDVHRIFRQFHQWUDWLRQLQ]RQHV
WKDWDIIHFWSHRSOH
VEUHDWKLQJ7KLUGO\SHGHVWULDQVZDONLQJQHDUWKHOHHZDUGVLGHDUHH[SRVHGWRPRUHSROOXWLRQ
WKDQQHDUWKHZLQGZDUGVLGH
)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDVWHSXSVWUHHWFDQ\RQ
)LJ
b)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDVWHSGRZQVWUHHWFDQ\RQ
)LJDKVKRZVWKHFRPSDULVRQEHWZHHQDYLDGXFWZLWKRUZLWKRXWQRLVHEDUULHUZKHQWKHOHHZDUGEXLOGLQJ
LVKLJKHU WKDQZLQGZDUG'LIIHUHQW IURPRWKHU92FDVHV WKHUH LVRQO\RQHYRUWH[QHDU WKH OHHZDUG LQ&DVH
92)LJD,QWKLVFDVHSROOXWDQWVPDLQO\ORFDWHQHDUWKHYLDGXFWDQGDWWKHOHHZDUGVLGHRIWKHFDQ\RQ
)LJ E +RZHYHU WKH GLIIXVLRQ HIIHFW LV VWURQJHU EHFDXVH WKH YRUWH[ LV PXFK VWURQJHU DQG KDV D KLJKHU
YHORFLW\
&RQFHQWUDWLRQLQDVWHSXSVWUHHWFDQ\RQ
)LJ
:KHQEDUULHUVDUHXVHG)LJF WKLVYRUWH[ LVVHYHUHG LQWR WKUHHE\ WKH WZREDUULHUV7KLVKLQGHUV WKHDLU
H[FKDQJHEHWZHHQDERYH WKHYLDGXFWDQGRWKHUDUHDV ,Q WKLVFRQILJXUDWLRQSROOXWDQWV UHOHDVHG IURPYLDGXFW
)ORZSDWWHUQDQGGLVSHUVLRQSDWWHUQLQDVWHSXSVWUHHWFDQ\RQ
PDLQO\JDWKHUDW WKH OHHZDUGEDUULHU)LJG6RPHSDUWLFOHVJDWKHUQHDU WR WKHRXWHUZDOOVRI WKHYLDGXFW
EHFDXVHRIWKHWZRZHDNYRUWH[HV
:KHQWKHUDWLR++LQFUHDVHVWR)LJH ?KDFRXSOHRIYRUWH[HVZLWKGLIIHUHQWGLUHFWLRQVIRUP)LJ
H7KHXSSHUPDLQYRUWH[ORFDWHVDERYHWKHZLQGZDUGEXLOGLQJURRIDQGWDNHVPRUHWKDQKDOIRIWKHFDQ\RQ
VSDFH 7KH ZHDN YRUWH[ IRUPV DW WKH ORZHU KDOI RI WKH FDQ\RQ )LJ I VKRZV WKDW ZKHQ ++  PRVW
SROOXWDQWVDUHWUDQVSRUWHGWRWKHZLQGZDUGVLGHRIWKHFDQ\RQ)XUWKHUPRUHSROOXWDQWVGRQRWJDWKHUQHDUWKH
YLDGXFW $OO WKHVH SKHQRPHQD DUH FDXVHG E\ WKH IORZ 7KH PDLQ FORFNZLVH YRUWH[ IRUPV DERYH WKH ORZHU
EXLOGLQJ WKDW LQZLQGZDUGVLGHZLWKLQ WKHFDQ\RQ$VHFRQGDU\ ORZHUYRUWH[ IRUPV LQDQRSSRVLWHGLUHFWLRQ
LQVLGHWKHFDQ\RQ3ROOXWDQWVZLWKLQWKLVZHDNHUFRXQWHUFORFNZLVHYRUWH[DUHWUDQVSRUWHGWRWKHZLQGZDUGVLGH
RIWKHFDQ\RQ
:KHQWKHQRLVHEDUULHUVDUHXVHGLQWKH++ FDQ\RQ)LJJWKHORZHUYRUWH[WDNHVPRUHVSDFHLQWKH
FDQ\RQ ,WH[WHQGV IURPWKH OHHZDUGVLGH WR WKHZLQGZDUGVLGHRI WKHVWUHHW ,QDGGLWLRQ LWVFHQWHU LVKLJKHU
WKDQWKHQRLVHEDUULHU$ZHDNHUYRUWH[IRUPVDWWKHZLQGZDUGRXWVLGHWKHYLDGXFW0RUHSROOXWDQWVIURPWKH
YLDGXFW DUH WDNHQ RXW RI WKH YLDGXFW FDQ\RQ E\ WKH IORZ DERYH WKH YLDGXFW )LJ K 0HDQZKLOH IHZHU
SROOXWDQWVWKDQ&DVH92DUHWDNHQRXWRIWKHFDQ\RQ%HVLGHVPRUHSROOXWDQWVDUHWDNHQWRWKHOHHZDUGVLGH
DOWKRXJKWKHFRQFHQWUDWLRQLVVWLOOOHVVWKDQDWWKHZLQGZDUGVLGH7KDWLVGXHWRWKHVWURQJHUVHFRQGDU\YRUWH[
FDXVHGE\WKHEDUULHUVWUXFWXUH
)LJDVKRZVWKHYHUWLFDOSURILOHVRIFRQFHQWUDWLRQDWWKHZLQGZDUGZDOO7KHFXUYHVIRUVWHSGRZQFDQ\RQV
ZLWK VDPH ++ UDWLR DUH QHDUO\ LGHQWLFDO :KHQ ++  SHDN YDOXH RFFXUV DW DERXW P DQG
FRQFHQWUDWLRQ EHORZ P LV KLJKHU WKDQ WKDW DERYH P 7KH FRQFHQWUDWLRQ GHFUHDVHV DV WKH KHLJKW LQFUHDVHV
XQWLOWKHKHLJKWLVDERXWP:KHQ++ WKHFRQFHQWUDWLRQDERYHPLVQHDUO\WKHVDPH$WWKHKHLJKWRI
EHORZ P WKH FRQFHQWUDWLRQ LQFUHDVHV UDSLGO\ DV KHLJKW GHFUHDVHV DQG UHDFKHV WKH SHDN SRLQW QHDU WR WKH
JURXQG,QDGGLWLRQWKHFRQFHQWUDWLRQDWWKHJURXQGRI&DVH9%LVKLJKHUWKDQ&DVH92)LJEVKRZV
WKHYHUWLFDOSURILOHRIFRQFHQWUDWLRQDWWKHOHHZDUGZDOO:KHQ++ EDUULHUVHQKDQFHWKHSHDNYDOXHRI
WKHFRQFHQWUDWLRQDWDERXWP:KHQ++  EDUULHUV HQKDQFH WKH FRQFHQWUDWLRQ DW KHLJKWV DERYH P
DQGEHORZPZKLOHUHGXFLQJWKHFRQFHQWUDWLRQDWKHLJKWVEHWZHHQPDQGP7KHSHDNSRLQWLVDWP
DQGQHDUWKHEUHDWK]RQH7KHSHDNYDOXHRI92LVPXFKELJJHUWKDQ9%)LJFVKRZVWKHKRUL]RQWDO
SURILOHRIFRQFHQWUDWLRQDWEUHDWKOLQH&RQFHQWUDWLRQGHFUHDVHVIURPWKHOHHZDUGVLGHWRZLQGZDUGVLGHZKHQ
++  +RZHYHU LW VKRZV WKH RSSRVLWH WUHQG ZKHQ ++  0RUHRYHU EDUULHUV HQKDQFH WKH
FRQFHQWUDWLRQDWEUHDWKOLQH&RPSDULVRQRILQWHJUDOFRQFHQWUDWLRQEHWZHHQWKHVHFDVHVFDQEHVHHQIURP)LJ
G,QWHJUDOFRQFHQWUDWLRQVRIDOOWKUHH]RQHVGHFUHDVHDOLWWOHZKHQQRLVHEDUULHUVDUHEXLOWLQWKHFDQ\RQZKHUH
++ %XWLQWHJUDOFRQFHQWUDWLRQVRIDOOWKUHH]RQHVLQFUHDVHZKHQQRLVHEDUULHUVDUHEXLOWLQWKHFDQ\RQ
ZKHUH ++  ,QWHJUDO FRQFHQWUDWLRQ LQ =RQH % LV KLJKHU WKDQ LQ =RQH $ ZKHQ ++  GXH WR WKH
YRUWH[HV7KHPDLQFORFNZLVHYRUWH[IRUPVDERYHWKHORZHUEXLOGLQJWKDWLQZLQGZDUGVLGHLQWKHFDQ\RQ$
VHFRQGDU\ORZHUYRUWH[IRUPVLQDQRSSRVLWHGLUHFWLRQLQVLGHWKHFDQ\RQ3ROOXWDQWVZLWKLQWKHZHDNHUFRXQWHU
FORFNZLVHYRUWH[DUHWUDQVSRUWHGWRWKHZLQGZDUGVLGHRIWKHFDQ\RQ7KLVLVGLIIHUHQWIURPDOOWKHRWKHUFDVHV
)LJ
7RIXUWKHUDQDO\]HWKHLPSDFWRIEXLOGLQJFRQILJXUDWLRQRQWKHSROOXWDQWFRQFHQWUDWLRQVLQVWUHHWFDQ\RQZLWK
YLDGXFWDQGQRLVHEDUULHUVUHVXOWVRIGLIIHUHQW++UDWLRVZLWKYLDGXFWDQGQRLVHEDUULHUVDUHDOOOLVWHGLQ)LJ
)URP&DVH9%WR9%WR9%LWVKRZVDUHPDUNDEOHFRQVLVWHQF\$VWKH++UDWLRGHFUHDVHWKH
LQWHJUDOFRQFHQWUDWLRQLQWKHWKUHH]RQHVLQFUHDVHV7KDWLVEHFDXVHWKHKLJKHUZLQGZDUGEXLOGLQJKLQGHUVWKH
SROOXWLRQ VSUHDGLQJ RXW RI WKH VWUHHW FDQ\RQ YLD WKH DLUIORZ 7KH KLJKHU WKH ZLQGZDUG EXLOGLQJ WKH PRUH
GLIILFXOWWKHGLIIXVLRQLV&DVH9%KDVWKHORZHVWLQWHJUDOFRQFHQWUDWLRQDPRQJDOOWKHVHFDVHV7KHUHDVRQLV
WKDW WKH WRS HGJH RI WKH YRUWH[ LV KLJKHU WKDQ WKH ZLQGZDUG EXLOGLQJ 7KHUHIRUH SROOXWDQW FDQ EH HDVLO\
WUDQVSRUWHG RXW RI WKH FDQ\RQ E\ DLUIORZ IURP WKH WRS RI WKH ZLQGZDUG EXLOGLQJ ,Q &DVH 9% LQWHJUDO
FRQFHQWUDWLRQ LQFUHDVHV REYLRXVO\ $OWKRXJK WKH ZLQGZDUG EXLOGLQJ LV ORZHU WKDQ WKH OHHZDUG EXLOGLQJ
SROOXWDQWFDQQRWEHWUDQVSRUWHGRXWRIWKHFDQ\RQIURPWKHWRSRIWKHZLQGZDUGEXLOGLQJ7KDWLVEHFDXVHRIWKH
VWURQJHUXSSHUPDLQYRUWH[ORFDWHGDERYHWKHZLQGZDUGEXLOGLQJURRI$VDUHVXOWWKHSROOXWDQWLVWUDQVSRUWHG
WRWKHZLQGZDUGVLGHRIWKHFDQ\RQE\WKHZHDNHUORZHUYRUWH[
&RQFHQWUDWLRQLQDVWHSGRZQVWUHHWFDQ\RQ
)LJ
b&RQFOXVLRQVDQGUHFRPPHQGDWLRQV
b&RQFOXVLRQ
7KLVSDSHUVWXGLHGLQHUWSDUWLFXODWHPDWWHUSROOXWDQWGLVSHUVLRQLQUHDOVL]HXUEDQVWUHHWFDQ\RQVFRPELQHGWKH
HIIHFWVRI WKHYLDGXFWQRLVHEDUULHUVDQGDV\PPHWU\VWUHHWFDQ\RQVRQIORZUHJLPHDQGSROOXWDQWGLVSHUVLRQ
XVLQJD'30GLVFUHWHSKDVHPRGHOIRUWKHFRPPHUFLDOVRIWZDUH)OXHQW6\PPHWULFFDQ\RQVVWHSXSFDQ\RQV
DQGVWHSGRZQFDQ\RQVZHUHLQYHVWLJDWHG
5HVXOWV VKRZ WKDW WKH KHLJKW GLIIHUHQFH EHWZHHQ EXLOGLQJV RQ WKH WZR VLGHV RI WKH VWUHHW LV LQIOXHQWLDO WR
SROOXWDQW GLVSHUVLRQ 9LDGXFW LQWURGXFHV PRUH VRXUFHV RI SDUWLFXODWH DQG LQIOXHQFHV WKH IORZ SDWWHUQ
VLJQLILFDQWO\1HZYRUWH[HVIRUPZKHQQRLVHEDUULHUVVHWXSDORQJWKHYLDGXFWDQGLQIOXHQFHWKHIORZDURXQG
WKHYLDGXFWDQGGLVWULEXWLRQRISROOXWDQWVDWWKHFHQWHURIWKHFDQ\RQEXWLQIOXHQFHWRDOHVVH[WHQWLQWKHNH\
EUHDWKLQJ]RQHV
:KHQ WKH VWUHHW FDQ\RQ LV V\PPHWULF EDUULHUV FDQ UHGXFH WKH SHDN YDOXH RI SROOXWDQW FRQFHQWUDWLRQ DW WKH
ZLQGZDUGZDOODQGOHHZDUGZDOOQRWDEO\7KHSRLQWVZKHUHWKHSHDNFRQFHQWUDWLRQVRIWKHZLQGZDUGZDOODQG
OHHZDUG ZDOO ZHUH ORFDWHG DW DERXW P DQG P UHVSHFWLYHO\ DERYH WKH JURXQG 0HDQZKLOH EDUULHUV FDQ
ORZHUWKHLQWHJUDOFRQFHQWUDWLRQLQ]RQHVWKDWDIIHFWSHRSOH
VEUHDWKLQJ,QFRQFOXVLRQHYHQWKRXJKPXFKPRUH
SROOXWLRQ LV FDXVHG E\ WKH YLDGXFW QRLVH EDUULHUV RQ LW FDQ KHOS WR UHGXFH LW WR D ORZHU OHYHO DQG UHGXFH
YLDGXFW
VLPSDFWRQSHRSOH
VKHDOWK
:KHQWKHVWUHHWFDQ\RQLVDVWHSXSW\SHEDUULHUVDIIHFW WRD OHVVH[WHQW WKH30GLVWULEXWLRQVDW WKH OHHZDUG
ZDOOZLQGZDUGZDOO WKHKHLJKWRIEUHDWKLQJ]RQHDQG LQWHJUDO FRQFHQWUDWLRQRI WKHEUHDWKLQJ]RQHV$W WKH
VDPHWLPHWKHFRQFHQWUDWLRQDWDOOWKHREVHUYHG]RQHVZKHQ++ LVKLJKHUWKDQWKHFRQFHQWUDWLRQZLWK
++ 7KDWPHDQVLQVWHSXSVWUHHWFDQ\RQVWKHKLJKHUWKHZLQGZDUGEXLOGLQJWKHPRUHKLQGHUHGWKH
GLVSHUVLRQRISROOXWDQWVZLOOEH3HRSOHOLYHLQWKHZLQGZDUGEXLOGLQJRUZDONLQJRQWKHVWUHHWKDYHWRVXIIHU
PRUHIURPWKHSROOXWDQW
:KHQWKHVWUHHWFDQ\RQLVDVWHSGRZQW\SHWKHVLWXDWLRQLVPRUHFRPSOH[:KHQ++ SROOXWDQWVVWLOO
JDWKHUDWWKHOHHZDUGZDOO7KHSRLQWZKHUHWKHSHDNFRQFHQWUDWLRQDWWKHZLQGZDUGVLGHLVIRXQGDWDERXWP
3ROOXWDQWGLVSHUVLRQFRPSDULVRQDPRQJGLIIHUHQW++UDWLR
DQG LV DERXW P DERXW WKH WK IORRU DW WKH OHHZDUG VLGH %HQHILWLQJ IURP WKH VOLJKWO\ VKRUWHU ZLQGZDUG
EXLOGLQJPRUHSROOXWDQWVDUHWDNHQRXWVLGHWKHFDQ\RQ7KXVLWKDVWKHOHDVWLQWHJUDOSROOXWDQWFRQFHQWUDWLRQLQ
]RQH$&DPRQJDOOWKHFRQILJXUDWLRQVREVHUYHGLQWKLVSDSHU:KHQ++ WKHSROOXWDQWLVWUDQVSRUWHGWR
WKHZLQGZDUGZDOODQGDFFXPXODWHGEHFDXVHRIWKHXSSHUPDLQYRUWH[DERYHWKHORZHUEXLOGLQJLQWKHFDQ\RQ
7KHSRLQWRISHDNFRQFHQWUDWLRQLVORFDWHGQHDUWKHJURXQGDWERWKOHHZDUGDQGZLQGZDUGZDOOZKLFKPHDQV
SHGHVWULDQV ?EUHDWKLQJ]RQHLVH[WUHPHO\KLJKDQGSHRSOHOLYLQJRQWKHILUVWIORRUVXIIHUPRVW
b5HFRPPHQGDWLRQV
,W LV ZRUWK QRWLQJ WKDW WKH FXUUHQW QXPHULFDO VLPXODWLRQV DUH EDVHG RQ D ' PRGHO $V D UHVXOW VRPH IORZ
SKHQRPHQDFDQQRWEHVKRZQ3DUWLFOHVFDQRQO\HVFDSHIURPWKHWRSRIWKHFDQ\RQZKLOHWKH\FDQHVFDSHIURP
WKHJDSVEHWZHHQEXLOGLQJVRQWKHVDPHVLGHLQD'PRGHO0RUHRYHUEULGJHFROXPQVFDQEHHPERGLHGLQ
WKHPRGHOZKLFKPD\DOVRKDYHDQLQIOXHQFHRQWKHSROOXWDQWGLVSHUVLRQ,QD'PRGHOWUDQVLHQWZLQGIORZ
PRGHO IORZ SDWWHUQV DQG SROOXWDQW GLVSHUVLRQ SDWWHUQV PD\ GLIIHU IURP WKH UHVXOWV REWDLQHG LQ WKLV SDSHU
)XUWKHUVWXGLHVDUHUHFRPPHQGHGWRIRFXVRQD'QRQVWHDG\PRGHO,QD'PRGHOEULGJHFROXPQVZLOOEH
LQWURGXFHG WR VWXG\ WKH LQIOXHQFHRIDYLDGXFWPRUHFRPSUHKHQVLYHO\0RGHOZLOOEDVHGRQD UHDO FURVVURDG
ZLWKPRUHEXLOGLQJVVRWKDWWKHZLQGIORZDQGSROOXWDQWGLVSHUVLRQDUHFORVHUWRWKHUHDOFRQGLWLRQV
6WUHHW FDQ\RQVDUHNQRZQ IRU WKHLU HIIHFWRI WUDSSLQJDLUSROOXWDQWV IURP URDGYHKLFOHVZKLFKSRVHKDUPIXO
KHDOWKHIIHFWVWRSHRSOHZKRWUDYHOE\ELF\FOHRURQIRRWDQGSHRSOHZKROLYHRUZRUNLQWKHQHDUE\EXLOGLQJV
7KLVSDSHUHVWDEOLVKHVDPHWKRGWRPRGHOWKHH[SRVXUHVDWGLIIHUHQWVWUHHWFRQILJXUDWLRQV2WKHUPHDVXUHVDUH
EHLQJLQYHVWLJDWHGWRUHGXFHWKHHPLVVLRQVRUPLWLJDWHWKHLUKHDOWKHIIHFWVRQURDGXVHUV7KHVHPHDVXUHVUDQJH
IURPUHVWULFWLRQVRIYHKLFOHVSHHGDQGDFFHVVWRWKHFRQVWUXFWLRQRISROOXWDQWDEVRUELQJSDYHPHQW
$FNQRZOHGJHPHQWV
7KHZRUNGHVFULEHGLQWKLVSDSHUZDVILQDQFLDOO\VXSSRUWHGE\1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
1R
$SSHQGL[$b6XSSOHPHQWDU\GDWD
6XSSOHPHQWDU\GDWDWRWKLVDUWLFOHFDQEHIRXQGRQOLQHDWKWWSVGRLRUJMDSU
5HIHUHQFHV
L 7KHFRUUHFWLRQVPDGHLQWKLVVHFWLRQZLOOEHUHYLHZHGDQGDSSURYHGE\MRXUQDOSURGXFWLRQHGLWRU
$L=70DN&0&)'VLPXODWLRQRIIORZLQDORQJVWUHHWFDQ\RQXQGHUDSHUSHQGLFXODUZLQG
GLUHFWLRQHYDOXDWLRQRIWKUHHFRPSXWDWLRQDOVHWWLQJV%XLOG(QYLURQ$YDLODEOHIURPKWWSVGRLRU
JMEXLOGHQY
$OOHJULQL - 'RUHU 9 &DUPHOLHW -  %XR\DQW IORZV LQ VWUHHW FDQ\RQV YDOLGDWLRQ RI &)'
VLPXODWLRQVZLWKZLQGWXQQHOPHDVXUHPHQWV%XLOG(QYLURQ±$YDLODEOHIURPKWWSVGRLRUJ
MEXLOGHQY
$OOHJULQL - 'RUHU 9 &DUPHOLHW -  :LQG WXQQHO PHDVXUHPHQWV RI EXR\DQW IORZV LQ VWUHHW
FDQ\RQV%XLOG(QYLURQ±$YDLODEOHIURPKWWSVGRLRUJMEXLOGHQY
%DOGDXI5: ,VDNRY9'HVKPXNK39HQNDWUDP$<DQJ%=KDQJ.0  ,QIOXHQFH RI
VROLG QRLVH EDUULHUV RQ QHDUURDG DQG RQURDG DLU TXDOLW\ $WPRV (QYLURQ  ± $YDLODEOH
IURPKWWSVGRLRUJMDWPRVHQY
%HHOHQ 5 5DDVFKRX1LHOVHQ 2 6WDIRJJLD 0 HW DO  (IIHFWV RI ORQJWHUP H[SRVXUH WR DLU
SROOXWLRQ RQ QDWXUDOFDXVH PRUWDOLW\ DQ DQDO\VLV RI  (XURSHDQ FRKRUWV ZLWKLQ WKH PXOWLFHQWUH
(6&$3(SURMHFW/DQFHW±$YDLODEOHIURPKWWSVGRLRUJ6

%HHOHQ56WDIRJJLD05DDVFKRX1LHOVHQ2HWDO/RQJWHUPH[SRVXUH WRDLUSROOXWLRQDQG
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